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Abstract 

The rare t-quark decays t c Ij' l^ , t —>■ ci7j via the scalar lep- 
toquark doublets are investigated in the minimal four color symmetry 
model with the Higgs mechanism of the quark-lepton mass splitting. 
The partial widths of these decays are calculated and the total width of 
the charged lepton mode T{t — > cl~^' l~) = T{t cl^ l~^) and the 
total width of the neutrino mode T{t cu' v) = ^ T{t — > cvj u^) 
are found. The corresponding branching ratios are shown to be 

Br{t cl+'r) « (3.5 - 0.4) • 10"^ 
Br{t ->cv'v)^ (7.1 - 0.8) • 10"^ 

for the scalar leptoquark masses ms = 180 — 250 GeV and for the 
appropriate values (sin (3 ~ 0.2) of the mixing angle of the model. 
The search for such decays at LHC may be of interest. 
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The search for the possible sings of a new physics beyond the Standard 
Model (SM) will be one of the goals of the experiments at LHC and at the 
other future colliders. Putting LHC into operation will essentially enlarge 
the possibilities for the experiments with t-quark, including the search for 
the non-SM effects in the top physics [1,2]. In particular, the LHC with 
its very large top samples ( about 10^ — 10^ top quark pairs per year [2] ) 
will allow the experimental investigation of the rare t-quark decays which are 
forbidden or have unobservable small widths in the SM but can be essentially 
enhanced in some extensions of the SM. The detection of such decays an LHC 
would be an evident signal of new physics beyond the SM. 

The most investigated rare decays of t-quark are the FCNC decays t — > 
cX, X = •y, Z, g, H. These decays are very suppressed in the SM {Br suit —>■ 
cX) ~ lO"^''^ and ~ 10"^^ for X = -f,Z,H and for X = ^ [3-5]) but they can 
be essentialy enhanced in some extensions of the SM. For example, in the 
minimal supersymmetric standard model (MSSM) the branching ratios of 
these decays can amount to the values BrMssuit — > cX) ~ 10~^, ~ 10~^, ~ 
10"^ for X = j,Z, X = g, X = [6-12], in the two Higgs doublet model 
they can be enhanced up to Br2HDM{t — ^ cX) ~ 10"'', ~ 10~^, ~ 10~^, ~ 
10^'^ for X = J, Z, g, h [3, 13, 14], some ehancement of these decays can also 
take place in the model with additional quark singlets [15]. 

One of the possible variant of new physics beyond the SM can be the 
variant induced by the four color symmetry between quarks and leptons of 
Pati-Salam type [16]. The immediate consequence of this symmetry is the 
prediction of the gauge leptoquarks which, however, occur to be relatively 
heavy. For example, the most stringent lower mass limit for the vector lep- 
toquarks (resulted from the unobservation of the — > ii^e"^ decays) is of 
order of 10^ TeV. Such heavy leptoquarks can affect the physics at energies 
of order of or below 1 TeV very weakly. 

It should be noted however that in addition to the gauge leptoquarks 
the four color symmetry can predict also the new particles in the scalar 
sector. Thus, in the case of the Higgs mechanism of sphtting the masses 
of quarks and leptons the four color symmetry in its minimal realization 
on the gauge group G = 5[/y(4) x ^[7^(2) x f/^(l) (MQLS-model [17,18]) 
predicts the existence of the two scalar leptoquark doublets S^"^^ belonging 
to the (15,2,1) - multiplet of the group G. These scalar leptoquark doublets 
together with the other components of the (15, 2, 1) - multiplet and with 
the (1, 2, 1) - doublet are necessary [19] for splitting the the masses of 
quarks from those of leptons by the Higgs mechanism and for generating the 
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quark - lepton mass splittings including the so large mass splittings as the 
b — T and t — Vj. ones. Unlike the vector leptoquarks the scalar leptoquark 
doublets S**-^-* can be relatively light, with masses of order of 400 GeV or less, 
without any contradictions with the K'j^ — >■ ^^e^ data or with the radiative 
correction limits [20,21]. Because of their Higgs origin the coupling constants 
of these scalar leptoquark doublets with the fermions are proportional to the 
ratios rrif/r] of the fermion masses to the SM VEV rj. The effects of 
these scalar leptoquarks in the processes with the ordinary u-, d-, s- quarks 
are small because of the smallness of the corresponding coupling constants 
[mu/f] ~ md/rj ~ 10~^, nis/rj ~ 10~^), whereas these effects can be significant 
in C-, b- and, especially, in top-physics ( rric/rj ~ mi^/rj ~ 10^^, mt/rj ~ 0.7). 

Ones of the possible new effects which can be induced by the scalar lep- 
toquark doublets S^^^ are the specific decays of t-quark 

t^cl^l^, (1) 
t ^ cuj z/fc (2) 

with the production of c-quark with the pairs /^/^ j, k = 1, 2, 3 of charged 
leptons = e~, r" and antileptons = e+, /i"^, r+, in general of the 
different generation, or with the neutrino-antineutrino pairs i^ji^fc, I'k are the 
mass eigenstates of neutrinos, uj are the antineutrinos. The decays (Q) in 
general are different from the generation diagonal decays t cX c /j' /~ 
predicted in models mentioned above [3-15] and the detection of the decays 
dH), © would be the signal of the new physics, possibly, induced by the four 
color symmetry between quarks and leptons. 

In the present Letter we calculate the contributions of the scalar lepto- 
quark doublets into decays (0), (0) in frame of the minimal four color quark- 
lepton symmetry model with the Higgs mechanism of splitting the masses 
of quarks and leptons(MQLS-model [17, 18]) and evaluate and discuss the 
widths and the branching ratios of these decays in dependence on the scalar 
leptoquark masses and on the mixing parameters of the model. 

In MQLS model the basic left (L) and right (R) quarks Q'faa ^^P" 
tons /'^'^ form the fundamental quartets of S'?7y(4) color group and can be 
written, in general, as superpositions 

r,fL,R _sr^..L,B. r.L,R j,L,R _sr^..L,R-. jL,R (o\ 
^ iaa — 2^\^Qa )n^'jaai ^ ia " /^l^/a S'a 
3 3 

of the quark and lepton mass eigenstates , Z^'^, where i, j = 1, 2, 3 are 
the generation indexes, a = 1,2 and a= 1,2,3 are the SUlC^) and SUc{3) 
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indexes, Qn = Ui = {u, c, t), Qi2 = di = {d, s, b) are the up and down quarks, 
Iji = Uj are the mass eigenstates of neutrinos and lj2 = Ij = (e~,/i~,r~) 
are the charged leptons. The unitary matrixes Aq^ and describe the 
fermion mixing and diagonahze the mass matrixes of quarks and leptons. 

The scalar leptoquark doublets S"*-^-* have the SM hypercharge Y^^^ = 
1 ± 4/3 and can be written in the form 

^ ( |; ) , 

where the up (a = 1) leptoquarks 5'|^'' have electric charge 5/3 and 1/3 and 
the down (a = 2) leptoquarks 82^^ have the charge ±2/3. In general case 

the scalar leptoquarks and 6*20, with electric charge 2/3 are mixed and 
can be written as superpositions 

^20 = ''^^^m^'^m, S2 =^^C^^S'm (5) 

m=0 m=0 



of three physical scalar leptoquarks 5*1, 5*2, S3 with electric charge 2/3 and 
a small admixture of the Goldstone mode 5*0. Here Cm\ m = 0,1,2,3 
are the elements of the unitary scalar leptoquark mixing matrix, |cg'^''P = 
Idlvl/^v 94: is SUy{4:) gauge coupling constant, 773 is the VEV of 
the (15,2,l)-multiplet and my is the vector leptoquark mass. 

With account of the fermion mixing (jS)) the interaction of the scalar lep- 
toquark doublets (jU with the fermions can be described by the lagrangian 

^SQl = ( Qta {h\%, If ) + ( /t (hVh df^ ) SiJ + 

( Q'L {hi-^)^, ) S^o^ + ( (/^i^^).. < ) ^li^ + ^- c, (6) 
where SI - SahSl % £12 = -£21 = 1, £^11 = £^22 = and 



are the SUl{2) doublets of the left quarks and leptons, Cq = {AqJ^Aq^ is 
the CKM- matrix, C/ = [Aji'J^Af"^ is the analogous matrix in the lepton sector 
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and {h^f^^)ij are the coupling constant matrixes, the index / denotes the right 



"f 

fermions / entering into 



In particular case of zero fermion mixing {Cq = Ci = I, {h^p^)ij = h^p^5ij) 
the lagrangian (0) upon substitutions = eabR2b, Si ■* = {R2a)*, ^e^"* = 
h2R, ^ = (^2l)*, ^i^"* = —{h2L)*, hi''^ = reproduces the lagrangian 
of ref. [22], i?2, R2 and h2L, h2R, are the scalar leptoquarks and the 
phenomenological coupling constants of ref. [22]. 

As a result of the Higgs splitting of the masses of quarks and leptons 
the general form [19] of Yukawa interactions of the scalar doublets with the 
fermions in MQLS-model [17, 18] gives for the coupling constants of the la- 
gragian (jH)) the expressions 

= -{CQh2)ij , {h\i = -(^2)13 ) (8) 
{hi-% = -{h^h, {hi^^h = -{kitfh (9) 

with 

where {Mf^)ij = mf.^6ij are the diagonal mass matrixes of quarks and leptons, 
fia = Qia, ha, K^'^ = {Aq^ ^rc the mixing matrixes specific for the 

model with the four color quark-lepton symmetry, j3 is the angle of the mixing 
of the (l,2,l)-doublet $(2) with the 15th scalar doublet $Sf of the (15, 2, 1)- 
multiplet tan/? = i]s/r]2, f]2 and 773 are the VEVs of the and ^'^^^ 
multiplets, t] = ^Jr]l + "nl is the SM VEV. 

From the formulas © - © we obtain the responsible for the t-quark 
decays ((T)), (j21) interactions of scalar leptoquarks (jH), (0) with quarks and 
leptons in the form 



h%Pi^\h%P^l,2StJ ^^-^.^ (11) 

Ls„,QJa = Qiaa {h^rn)ij + (h^rJij haSma + i^-C- , (12) 

with 

{h%, = (h^Q)., , {h%, = -iCQh^),, , {h^jhj = -{ht%jc^a;^, (13) 
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where the matrixes h^'^' are given by eq. (fTUj) . cf^ = Cm \ = Cm \ Cm^ 

are the elements of the scalar leptoquark mixing matrix in (0) and Pl,r = 
(1 ± 75)72 are the left and right projection operators. 

The interactions (jllj) . (jl2j) induce in the tree approximation the t-quark 
decays 

t - It K , (14) 

t ^ Ui v.j z/fc (15) 

with the production of the up quarks Ui = (m,c), i = 1,2 according to the 
diagrams on Fig.l We have calculated the widths of the decays (IT^ . (|TH|) 
with neglect of the final fermion masses 



mu,,mi^,m^^ < mt,mg(+),ms^ (16) 



and assuming that 



mg(+),ms^ > mt . (17) 

The widths of the decays are discribed by the diagram of Fig. 1(a) 
and can be written in the form 



where 



T{t ^ Ui Ip, ) = mtHijH^k ■ /i(/i5(+))/128(27r)=^ , (18) 



Hi>j = \hf,f + \h^f , i', J = 1,2,3, (19) 
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/i(/i) = 6/i2 - 5 - 2(/x2 - l)(3/i2 - 1) In (20) 

/i^ — 1 

and = m {+)/mt. One can see from (fT^ . (fTUl) that the widths (fTSl). 
^ ^ 

P9|) are the largest ones for the heaviest final quark U2 = c and the corre- 
sponding largest coupling constants entering the equation (fTHj). (fT^ can be 
approximately written as 

/3 m 
^t£^{K^Ci)e, , ^' = 2, 3, m,, = m„ nit (21) 
z ?7 sm p 

(the coupling constants hf- are suppressed by the non-diagonal matrix ele- 
ment of CKM matrix Cq). As a result the widths (fTHj). (fT^ for the decays 
(P) are simplified and take the form 

T{t cl^ /fe ) = rnt^^k2jk3kfi{fiM+)) , (22) 
sm p 
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where 
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" 512(27r)3' ^4'' (23) 
k,, = \{K^Ci),,\\t',j = l,2,3. (24) 

The eq. (1^ predicts the t — >• c decays with the production of 
the generation diagonal charged lepton pairs e+e~, /i^'^/i^, r+r^ as well as of 
the non-diagonal ones such as e+yU~, /i+e~, e"'"r~, . . . in dependence on the 
fermion mixing parameters k2j, k^^. Summarizing the partial widths ()22p 
over the generation indexes and using the unitarity of the matrixes K^, Ci 
we obtain the total width of the charged lepton mode 



r(t ^ C/+'/-) = 5^r(t ^ dp-) = m,-^A(/i^„) (25) 



which is fermion mixing independent and includes all the decays with the 
production of the every possible charged lepton pairs both the diagonal and 
non-diagonal ones. In particular case of the zero fermion mixing {K[Ci = I) 
the total width is saturated by the non-diagonal decay t cfi^T~ 
which is in this case the only allowed decay of type ((T)). 

The widths of the decays (fT^ described by the diagram of the Fig. 1(6) 
are calculated with account of (|12j) and can be written in the form 

Tit -> uj Vk) =mYl HTHT ■ /2(/i5., /i5j/128(27r)3 , (26) 

m,n 

where 

iJ™" = {h^rn)i'jihln)i'j + (^fm)i'i (^fn)i'j ' j = 1, 2, 3 , (27) 

/2(/Xi, /.2) = 2(/x? + ^^l)-3- 2^M^ In ^ 

-2/*i4l!ln^ (28) 

and fiSm = ''^Sm / ''^t • Keeping in ffT^ , (fTUj) only the largest terms propor- 
tional to rrit and rric 

{h^i^^h'j ^ ' = 2' 3, rnu, = m,,m, (29) 
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we obtain from ^I^i. (j77j) the widths of the decays Q in the form 



T{t C Uk) = J2 ^2T^3T/2(/^5„, /^sj , (30) 

sm p ^-^ ■' 



ltc_ 

m,n=l 

where 

= K^f )^'.f c:<+)cW + \{K^),,\'c^Jc<-^ , J = 1, 2, 3 , (31) 

and 7te is defined by the eq. 

Summarizing the partial widths ()3()|1 over the generation indexes and 
accounting the unitarity of the matrixes ' we obtain the total width of 
the neutrino mode 

3 

T{t^ci>'u) = J2nt^cu,u,)=m,^ J2 A:"^"/2(/X5™,/i5j (32) 

j,k m,n=l 

which is fermion mixing independent and contains the parameters fc"^" = 
{cm^Cn^^^ + Cm^Cn~^y depending on the scalar leptoquark mixing (0). The 
expression ()32|) can be simplified in the particular case of the scalar lepto- 

quark mixing ^ with C3 = when S2 and S2 are approximately the 
superpositions of two physical scalar leptoquark Si and 5*2 (the small ad- 
mixture of the Goldstone mode can be neglected because of the smallness of 
c^(^^). In this case A;™" ^ Smn for m,n = 1,2 and the width ()32j) takes the 
form 

r{t ^cuu) = mt^^[fi{fis,) + fiif^Si)] , (33) 
sm p 

here the relation /2(/i, /i) = /i(/i) has been taken also into account. 

The widths ((23), ffH^ depend on the masses m (+), m^^, of the scalar 

leptoquarks and on the — $[5"* mixing angle (3. 

The current data on the direct search for the leptoquarks set the lower 
mass limits [23] 

niLQ > 242 GeV, 202 GeV, 148 GeV (34) 

for the scalar leptoquarks of the first, of the second and the of third gener- 
ation respectively. As mentioned above the scalar leptoquarks m {+), , 

^1 



couple most intensively with t-quark. In the case (fTTj) they will decay 
predominantly into t Ija pairs and should be regarded as the third generation 
ones. In this case the condition (fTTj) is consistent with lower experimental 
limit 148 GeV in (jMjl and we use (fTTj) when choosing the lower scale lep- 
toquark masses in (j23), (jHSJ- With account of the total width of t-quark 
r*°* ^ r(t ^ bW) ^ 1.56 GeV we obtain from (j2S)), 1^ that 

Br{t cl+'r) = (5.7 ■ 10-^ - 0.6 • 10"^ - 0.7 ■ 10"^)/ sin^ /? , (35) 
Br{t cD' u) = (11.3 • 10"^ - 1.2 ■ 10"*^ - 1.4- 10~^)/sin^/3 (36) 

for m^(+), ms„ ms., = 180 - 250 - 400 GeV. 



The mixing angle (3 enters into the coupling constants (fT^. (fTUj) and we 
restrict it by the smallness of the pertubation theory parameter 

{h^'y/An < 1 , (37) 

where h^'^ = {h'"±h^)/2 are the scalar and pseudoscalar coupling constants 
and h^'^ are the chiral coupling constants (fT^ . (fTUj) . With account of the 
t-quark chiral coupling constants in ()21|) . ()29|) as of the largest ones the 
condition (jHTj) gives that sin/5 > 0.12. 

The Fig. 2 shows the branching ratio Br{t cl^' l^) of the charged lepton 
mode as the function of the scalar leptoquark mass m {+) = 180 — 300 GeV 

for a) sin/3 = 0.15, b) sin/3 = 0.2 and c) sin/3 = 0.25. The corresponding 
branching ratios Br{t —>■ cu'u) of the neutrino mode for ms^ = ms^ = 
180 — 300 GeV are twice as large as those of the charged lepton mode. 

As is seen from the Fig. 2 in all three cases a), b) and c) there is the 
mass region with Br{t ^ cl^ l^) ~ 10^^. For example for sin/? = 0.2 from 
Fig.2-b and from (jHSj) . (jHBj) we obtain 

Brit cl+'r) = (3.5 - 0.4) ■ 10~^ (38) 
5r(t -> cz>'i^) = (7.1 -0.8) ■ 10-^ (39) 

form„(+), ms. , ms^ = 180 — 250 GeV. As is seen the branching ratios of the 
decays under consideration occur to be of the same order as the sensitivity 
of LHC to the t cX decays Br{t ^ cX) > 5 ■ 10"^ [1,2,12,24]. 

It would be of interest to estimate the sensitivity of LHC to the decays (|T}. 
It can be performed in an order-of-magnitude manner by using the studies 
[25, 26] of LHC sensitivity to the decays 

t ^ cZ ^ cl+l-, (40) 
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where /"'"/ are both e~^e and fi'^^ pairs. 
The decays (|T)) together with the decays 

i ^ c (41) 

(the widths of the decays (j4ip differ from (j22p by the transmutations j ^ k 
of the indices in the mixing parameters) can manifest themselves at LHC 
through the processes 

p+p^ti^l (c/;/.-)(w^-fe) - {cits){m \_,>^.i-nb' (42) 
p+p-''^{ iwnrcip,) - umcip,) j-'^^ ''''' ' ^''^ 

where one of the quarks {t or t) decays according to (0) or ()41|) whereas the 
other one (t or t) decays in the standard way followed by the — > jj 
decays into two hadron jets. Although the case with leptonic decay modes 
W — i> lui is more sensitive [25, 26] to the decays (^01) we use here for the 
analysys of the t ^ c /^/^ decays the case with hadronic decays jj as 

the more simple one. In this case the final states are c'lp^jjb' with c' = c, c 
and b' = b,b and the experimental signature includes, therefore, two charged 
leptons (in general, of different generations) and four energetic jets. 
For the generation diagonal signal process 

p + p^ti^ c'l+rWb' c'l+l-jjb' tr + 4jets 

with l^l^ = e~^e~ , fi~^fi~ the dominant backgrounds are the same as for the 
process (En|) 

p + p ^ Z + jets l^l^ + jets, 
p + p^ ZW l^r + jets, 

p + p^ti^ W^bW'b l^i^ibruib tr + jets. 

For the expected number of the signal events N^^^. = N'^+^_ + and for 

the background ones we obtain the estimations 

iV;V = 1.1 ■ 10^ ■ Br{t ctr), 

N^+i.{Z + jets) = 5.7 ■ 10^ Nj'+i^ZW) = 1.3 ■ 10^ N^+i-iti) = 1.9 ■ 10^ 

for the expected LHC cross sections a^^ = 833pb, azj = 8478p6, azw = 28pb 
[26] and for the integrated luminosity L = 10 fb~^, here and below Br{t — »• 
cl+l-) = Br{t ce+e") + Br{t c/i+/i")- 
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To reduce the backgrounds one can use , in part, the cuts which have 
been used for estimations of the sensitivity of LHC to the decay (|4(J|) . In 
the Table 1 we show the cuts which have been used in ref. [26] in analysys 
of the events tt — »• cZWb — >■ + 4jets for the reconstraction of t cZ 
decays. We also show the relative efficiencies e**, e'' of each cut for signal and 
backgrounds, which we have evaluated by using the results of ref. [26] where 
the detailed descriptions of the cuts can be also found. 





cut 


relative efficiencies s, % 


usefulness 
of the cuts 


signal 


backgrounds 


e' 




e'iZW) 




l+l- 




1 


satisfying px, rj cuts 


26.5 


0.54 


1.4 


6.0 


+ 


+ 


2 


mz cut 


80.0 


80.2 


81.8 


9.4 






3 


4(> 4)jets, pt > 30 GeV 


57.5 


7.8 


76.3 


85.6 


+ 




4 


# b-tag=l 


41.8 


26.7 


0.9 


7.2 


+ 


+ 


5 


niw cut 


64.7 


32.4 




25.4 


+ 


+ 


6 


mt^wb cut 


81.8 


39.5 




52.3 


+ 


+ 


7 


PTijets) > 50 GeV 


14.8 






11.1 


+ 





Table 1: Cuts used for reducing the backgrounds to the signal events a) tt — >■ 
cZWb m- + Ajets [26], b) tt -> cl+l-Wh l+l- + Ajets and c) tt 
cefiWb ^ e/i + ijets. l+l~ includes both e+e^ and fi+fi~ pairs, e/i includes 
both e~fi+ and e+fi~ ones. The relative efficiencies e are evaluated with using 
the results of ref. [26]. The last two column mark the cuts used in the cases 
b) and c). 

All the cuts are applicable to the analysis of the events tt c'l+l^Wb' 
l+l~ + Ajets except the mz cut. This cut requires the invariant mass of 
lepton pair to be near mz (within 4 GeV of mz) and it is not suitable for the 
decays t cl+l^. Assuming that after excluding the mz cut the relative 
efficiencies of the remaining six cuts are unchanged and multiplying them 
we obtain the resulted efficiency £i+i~ = 5.0 ■ 10~^ for the signal events and 
s'^+i- = (tt) = 5.4 ■ 10~^ for the background ones. As a result of these 
cuts we can expect n^i+i- = £:;'*+;_iV*+;_ = d-G-lO"^- Br(t — > cl+l~) signal events 
and n'l+i- = n''i+i_{ti) = e'l+i.(ti)Nj'+i_(ti) ^ 10 background ones. Taking for 



the signal significance S/+/- = 




„ the value Si+i- = 5 we obtain 
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the expected sensitivity of LHC to the t cl^l decays 

Er(t^c 3- 10"^ (43) 

at 5a level for L = 10/6"^ 

For comparison, in the case of hadronic W decay modes jj the 

sensitivity of LHC to the decay t ^ cZ is Br{t ^ cZ) > 1.7 ■ 10~^ [26] for 
L = 10/6~^, which corresponds to the sensitivity Br{t —>■ c Z ^ c > 
1.1 ■ 10~^ to the decays pUj) . As is seen, the sensitivity is approximately 
by a factor three worse than that for the decay ()40j) . 

For the nondiagonal signal process 

p + p ti dejjWh' c'efijjb' ejj, + ijets 

where efi are both e~/i^ and e"^/i~ pairs the dominant background is given 
only by the process 

p + p ^ ti ^ W^hW~h (e+z/e6)(/i"z/^6) + (yU+z/^6)(e"z/e6) efi + jets. 

For numbers A^^^ = N^^^+ + N^+^_ and A^^^^ = N^^{ti) of the signal and 
background events we have the estimations 

= 1.1 ■ 10^ ■ Br{t ^ ce/i), Nj:^ = 1.9 ■ 10^ 

where Br{t — > cefi) = Br{t —>■ ce~fi^) + Br{t —>■ ce^fi^). 

In the case of e/x pairs the mz cut should be excluded, in addition, the 
third cut and the seventh one (see the Table 1) can be also excluded because 
these two cuts are suitable for reducing the Zj background which is absent in 
the case of e/i events. Assuming the relative efficiencies of the remaining four 
cuts to be unchanged and multiplying them we obtain the resulted efficiencies 
el^ = 5.9 ■ 10~^, el^ = sl^(tt) = 5.7 • 10~^ and the corresponding numbers 
= el^N!^ = 6.6 • 105 . Br{t ^ ce/z), n^^ = e'.^Nl ^ 108 of the signal 
and background events. As a result for the signal significance = 5 we can 
expect the LHC sensitivity to the t cefi decay 

Br{t cefi) > 8 ■ 10"^ (44) 

at 5a level for L = 10/6"^ 

The approximate estimations ()43|) . ()44|) relate to the case of hadronic 
W decay modes jj and correspond to an integrated luminosity 
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L = 10/6 ^. These estimations can be improved approximately by order 
of magnitude 

5r(t ^ c /+/-)> 10-^ Br{t ^ cejj,) > 10-^ (45) 

for L = 100/6~^ and, possibly, the further improvement can be achieved by 
accounting the leptonic W decay modes W ^ lui. 

As is seen the branching ratios (jHHj) . ()39|) are of the same order as the 
expected sensitivities (HSl) of LHC to the decays t cl^l~ and t cefi. 
The search for these decays at LHC (especialy for the decays of t cefi 
type having the more clean signature) may be of interest. The detection of 
such decays would be the clear sign of the new physics, possibly, induced by 
the four color symmetry between quarks and leptons. 

It should be noted that for the masses 180 - 300 GeV the leptoquarks can 
be directly produced at LHC and by the additional studies of their decay 
modes, branching ratios etc. it will be possible to to clean up the origin of the 
observed leptoquarks. In this situation the detection of the t — c decays 
could be an additional argument in favour of the scalar leptoquarks discussed 
in this paper. It is worth noting that the non-diagonal decays of t ^ clj' 
type are also predicted in the general two Higgs doublet model but with the 
essentially less branching ratios, for example with Br{t c r~/i^) ~ 10~^ 
as the largest one [27]. 

In conclusion we resume the results of the work. The rare t-quark decays 
t ^ c , t ^ c Uj induced by the scalar leptoquark doublets are investi- 
gated in the minimal four color symmetry model with the Higgs mechanism 
of the quark-lepton mass splitting. The partial widths r{t clj'l^) and 
T{t cuj Uk) of these decays are calculated in tree approximation and the 
total width of the charged lepton mode T{t cl^' l~) = J2j k ^ ^k) 
and the neutrino one V{t — > cz/V) = Ylijk^i'^ ~^ ^^j ^k) are found in 
the fermion mixing independent form. The corresponding branching ratios 
Brit cl+ Brit ^cu'u) are shown to be of order of 10 ^ for the scalar 
leptoquark masses m^(+), ms^, ms^ = 180 — 250 GeV and for sin/3 ^ 0.2, j3 

IS the $(2) - $Sf mixing angle of the model. These estimations are close to 
the possible sensitivity of LHC to these decays and the search for the decays 
t ^ clj' Ij^ , t ^ cVjVk at LHC may be of interest. 
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Figure captions 



Fig. 1. The diagrams of the rare i-quark decays a) t ^ 

and b) i — > c Vj i/^ via scalar leptoquarks S^^"^ and Sm, m — 1,2,3 
of the MQLS-model. 

Fig. 2. The branching ratio Br(t cl^' l~) = ^j^Brit 

l^) of the charged lepton mode as a function of the scalar 
Icptoquark mass m^(+) for a) sin/3 = 0.15, b) sin/9 = 0.20, 
c) sin /3 = 0.25. 



16 




P.Yu. Popov, A.D. Smirnov, Modern Physics Letters A 

Fig. 1 



17 



Br(t c i+'r) 
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Fig. 2 
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